Introduction
Fat, a macronutrient necessary for good health, should comprise 20 to 35 percent of total energy intake [1] . Fat contributes to proper absorption and transportation of fat-soluble vitamins [2] . While all fats play an important role in metabolism, polyunsaturated fatty acids (PUFAs) are essential and have additional health benefits in addition to being a bioenergetic substrate. Omega-3 and omega-6 fatty acids are the two main classes of PUFAs found in the Western diet. Omega-6 PUFAs, primarily in the form of linoleic acid, obtained from vegetable oils, processed foods, nuts, eggs and meats, are converted to arachidonic acid, which leads to proinflammatory and prothrombotic eicosanoids. In contrast, increased consumption of foods high in omega-3 fatty acids have been associated with a decrease in blood triacylglycerol and total cholesterol levels [3] . There is a large body of evidence indicating that omega-3 fatty acids elicit health benefits due to their anti-inflammatory effects in cardiovascular disease, cancer, arthritis, obesity, and other metabolic disorders, such as insulin resistance [4] . Furthermore, reduced adiposity associated with increased consumption of omega-3 fatty acids decreases the risk of co-morbidities including heart failure, hypertension, coronary artery disease, depression, type II diabetes, cancer, hypercholesterolemia, and stroke [2, 5] . There are three primary forms of omega-3 fatty acids: alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) [6] . Omega-3 fatty acids are obtained from canola oil, flaxseed (linseed), walnuts, fatty fish such as anchovies, bluefish, salmon, tuna, trout and functional eggs (omega-3 enriched eggs). Consumption of oily fish can provide up to 3 grams of DHA and EPA per serving [5, 7, 8] . Current dietary recommendations in the United States for omega-3 fatty acids are 1.1 grams per day for women and 1.6 grams per day for men, based on ALA consumption [9, 10] . Achieving recommended levels of omega-3 PUFA is suggested to maintain optimal health and reduce the risk of diet induced metabolic diseases [8] . As a metabolic pathway, the conversion of ALA to EPA and DHA is an inefficient method [11, 12] . Therefore, in order to impart the benefits of omega-3 fatty acids, it is necessary to consume EPA and DHA via dietary sources [8, 13] .
The average American diet does not contain adequate levels of omega-3 fatty acids. It has been estimated that Americans consume only 23 milligrams of omega-3 fatty acids per day [14] . Socioeconomic changes over the last 150 years have caused a noticeable increase in saturated fat consumption and a decrease in omega-3 fatty acids. Deep-frying fish can alter the amount of omega-3 fatty acid present in the final food product [15] . Food manufacturing has led to foods naturally high in omega-3 fatty acids to lose part of their omega-3 content due to changes in nutritional composition of animal feed. Farmed fish, while not as high in longchain omega-3 PUFA as their wild counterpart, can still be consumed as a reasonable source of omega-3 PUFA.
Dietary differences have been linked to geographic location [3] . When compared to the rest of the United States, a typical Southern diet is energy-dense and lacks fruits, vegetables, and essential nutrients, including omega-3 fatty acids [16, 17] . Race and culture are linked to typical eating patterns. Caucasian adults have reported consuming more fat from salad dressing and cheese compared to African American adults who consume fat primarily from fried chicken, sausage, and salty snacks [16] . Southern African Americans in the Lower Mississippi Delta have reported consuming less grains, vegetables, and milk products than Caucasians living in the same area, contributing to an overall poor diet [18] .
Because of the reported health benefits of omega-3 fatty acid consumption, the purpose of this study was to compare the dietary omega-3 fatty acid intakes from food selections of Southern African American Women (SAAW) and Southern Caucasian Women (SCW), and to compare these intakes to the recommended intake (1.1 grams per day ALA) [9, 10] to determine on a racial level if omega-3 fatty acid intakes in the South are reaching optimal health benefit levels. Furthermore, we explored the possibility for a link between omega-3 dietary consumption and body mass index classification among SAAW. Although intake of omega-3 fatty acids is likely lower in SAAW than SCW women due to dietary choices, studies making these comparisons have not been conducted. Therefore, it was hypothesized that SAAW consume less than the dietary recommendations for omega-3 fatty acids and that those levels are lower than those consumed by SCW.
Methods and Materials
A total of 57 individuals (SAAW N = 32, SCW N = 25) were evaluated from a small Southern coastal community to participate in this study. A personal history form was used to assess inclusion and exclusion criteria and contained questions regarding medical history, family history, tobacco use, weight, nutrition, physical activity, alcohol use, sleeping habits, education, and current family physician. The activity questionnaire recorded participants' usual activity level and was corroborated by VO 2 peak measurements.
Inclusion criteria included being female, between the ages of 25 and 45, pre-menopausal, non-diabetic (fasting glucose less than or equal to 7.0 mmol/l), non-Hispanic, and non-Asian women. Individuals were excluded from the study if they were ill or currently taking medications that affect metabolism, breast-feeding, diagnosed with diabetes, history of heart disease or kidney disease, currently smoke, pregnant, exercising regularly (more than 30 minutes per week) within the last 6 months, participating in a dietary program within the previous 6 months, and African-Americans or Caucasians not of at least second generation descent (verified by questionnaire and interview). The University Medical Committee Institutional Review Board at East Carolina University approved all protocols and procedures for this study. The selected individuals completed an informed consent form before participating in the study. The questionnaires were administered in a private setting in our clinical laboratory. All participants were tested for body composition by DEXA (TrueOne 2400 metabolic measuring system) and aerobic fitness status (VO 2 peak) using an incremental treadmill test; open circuit gas analysis of the expired air was performed with a Parvo Medics indirect calorimeter cart (Sandy, UT) prior to the data collection (data not reported). All subjects demonstrated VO 2 peak values within normative values for their respective age groups; no racial group differences were noted and data was corroborated by an activity questionnaire. The method used to collect baseline dietary information was a three day food record. A kinesiology staff member, trained by a Registered Dietitian Nutritionist, administered the food record questionnaire and entered the food record data into the Nutritionist Pro software program (2007). All participants were provided with detailed instructions for completing the three day food records and were given measuring cups and utensils to assist with measuring and recording their food intake. All participants were told to eat their "normal" diets during the three day recording period. The Registered Dietitian Nutritionist analyzed the data and transposed all data into the Statistical Package for the Social Sciences (SPSS), version 20.0. Participants in the two groups were then matched for total energy and nutrient intake.
Data collection instruments included a validated omega-3 southern food frequency questionnaire (SFFQ), including 150 food items, to determine food consumption of women living in the South [19] . The omega-3 SFFQ was designed by a Registered Dietitian Nutritionist and used to identify dietary omega-3 PUFA sources consumed over the previous month. The omega-3 SFFQ used was an adaptation from a FFQ designed by Waltz-Hill [20] . Food categories included: seafood and fish, meat, eggs, dairy products, vegetables, fruits and fruit juices, nuts and seeds, grains and grain products, fats and oils, beans and legumes, and herbs and spices.
All study data were analyzed using an unpaired t-test with race or level of obesity as the independent variables. Lean versus obese comparisons was also conducted using unpaired t-tests. The estimated daily dietary omega-3 fatty acid intakes were calculated using Food Processor version 10.5.0, Microsoft Excel 2008 for Mac version 12.3.1, and were analyzed using SPSS version 20.0. Statistical significance for group mean differences was set a priori at p < 0.05.
A total of 33 Southern female participants met the study's inclusion criteria from the initial participant pool of 57 evaluated subjects. Participants' demographic characteristics are presented in Table 1 . The mean age of participants was 32.97 (±7. 19) years. There were 20 (58.8%) SAAW and 13 (38.2%) SCW participants. The distributions in BMI grouping among the subjects were 41% lean and 53% obese.
*Not all participants reported education levels. SAAW = Southern African American Women; SCW = Southern Caucasian Women. BMI: Body mass index Based on data collected from the n-3 SFFQ, the dietary sources of omega-3 fatty acids consumed most often within the past month were identified. Table 2 depicts the lean and obese SAAW's dietary intake of omega-3 and omega-6 fatty acids compared to obese and lean SCW. While the mean total dietary omega-3 for the 11 obese SAAW (1.46±1.02) was higher than the recommended intake of ALA (1.1 grams per day), the effect was not statistically significant. This outcome differed from the hypothesis that obese SAAW's intake of dietary omega-3 PUFAs would be lower on average than the recommended intake of ALA.
There were no statistical differences in consumption of total omega-3 PUFAs in obese SAAW (1.46±1.02 g/day, n = 11) than in lean SAAW (n = 9) (1.24±0.89, n = 9) (t = -0.50, p = 0.63), Table 2 . The findings therefore rejected the hypothesis that there would be a difference in dietary omega-3 fatty acid consumption between lean and obese SAAW. However, on average, lean SAAW's (n = 9) total dietary intake of omega-3 fatty acids (1.24±0.89) was lower than the obese SAAW's (n = 11) total dietary intake of omega-3 fatty acids (1.46±1.02) even though the lean SAAW's dietary intake of EPA and DHA was higher than the obese SAAW (EPA 0.09±0.13; 0.07±0.06; DHA 0.16±0.21; 0.12±0.1, respectively), Table 2 . EPA was the least consumed omega-3 PUFA in the lean and obese SAAW participating in the study. The sources of EPA consumption were primarily from seafood (specifically shrimp, tuna, and salmon) and chicken, Table 5 . Obese SCW had the highest total omega-3 intake (2.24±0.58), Table 2 . The top 3 consumed omega-3 fatty acid foods for each food category, based on data collected from the omega-3 SFFQ, for both SAAW and SCW, are presented in Table 5 . The participants' choice of seafood and fish, meat and dairy were the same for both groups of women, whereas the remaining food categories varied. The three day food records were used to calculate estimated usual caloric and macronutrient intake for all participants (Table 6 ). The caloric and macronutrient intakes for this sample varied greatly between the lean SAAW and SCW. Variations in food preparation and selection preferences may have influenced total caloric intakes for these sample populations.
All SAAW participants' (n = 20) dietary omega-3 fatty acid intakes are compared to all S SCW participants' (n = 13) intakes in Table 3 . The daily mean dietary intake of SAAW (1.36±0.95) was 0.05 grams per day higher than that of SCW (1.31±0.68) (two independent sample t test t = 0.19, t = 0.85). This finding was not statistically significant and rejected the hypothesis that dietary PUFA intake of SAAW would be different than that of SCW. All participants in this study combined consumed the United States recommended amounts of omega-3 fatty acids, based on ALA. EPA and DHA consumptions were low and suggest a need for more dietary sources of these specific fatty acids. Mean daily consumption of total dietary omega-3 fatty acids of all participants are presented in Table 4 . Total dietary ALA fatty acid intakes averaged above the recommended amount of 1.1 grams per day, which approximates 82.7 percent of the participants' total dietary omega-3 fatty acid intake. Dietary EPA contributed the least to all participants' daily omega-3 intakes (5.8%). Total dietary omega-3 fatty acid intakes ranged from 0.282 to 3.898 grams per day. Table 4 does not equal 33 due to missing data To our knowledge, this is the first study exploring cultural food selections in SAAW versus SCW to assess dietary intakes of omega-3 fatty acids (recommendation as 1.1 grams of ALA). The mean total dietary ALA intake of all participants in the study exceeded the recommended amount although the large standard deviations suggest a widely varied dietary intake among all participants. When assessing differences in total omega-3 fatty acid consumption (via diet evaluation) ALA, EPA and DHA are typically included. ALA is a limiting factor in dietary omega-3 consumption because it must be converted to EPA and DHA to meet the body's demand for omega-3 fatty acids. As this conversion of ALA to EPA and DHA is not an efficient process, it is imperative that EPA and DHA be consumed via dietary sources [11, 12] . Dietary sources of EPA and DHA are very limited to specific food items, which leads to low dietary consumption depending on the geographical region and dietary preferences. Given the current study's geographic location, seafood intake is popular during certain seasons. The main ALA containing foods consumed among this study's participants included walnuts, canola oil, flaxseed (linseed), soybeans, broccoli, whole wheat bread, and cheddar cheese, whereas the main EPA/DHA containing foods consumed were shrimp, tuna, salmon, and chicken. Even if one meets the ALA recommendation, the body must undergo the inefficient conversion process to EPA and DHA. In a population where seafood is a staple, it is imperative to consider EPA and DHA recommendations, which currently are not established [11, 21] .
We also observed that the lean SAAW consumed below the ALA recommendations 0.95±0.64), while the lean SCW consumed the recommended amount (1.12±0.59). McCabe-Sellars et al. [18] also investigated dietary variations between SAAW and SCW living within a Southern community. McCabe-Sellars [18] did not focus on a particular macronutrient, but rather investigated the overall diet and concluded that African Americans' dietary intakes were poor overall compared to Caucasians. Therefore, lean SAAW may benefit from selecting more nutrient dense foods that contain omega-3 fatty acids.
It is established that obesity continues to rise in the United States [9] , that there is a higher incidence of obesity among SAAW than SCW [22] , and that Southern diets do not contain adequate amounts of dietary omega-3 fatty acids [16, 17] . The current study was conducted to determine if dietary patterns differed between the SAAW and SCW, and whether these differences were also related to obesity status. We observed that the omega-3 SFFQ analysis demonstrated variations in dietary omega-3 fatty acid intakes among the participant groups despite there being no statistically significant difference in the diets of SAAW and SCW living in this Southern Coastal community. This study had a small number of participants in each of the groups which may explain the failure to find a statistical difference between the groups. The obese SAAW participating in this study actually consumed greater than the recommended 1.1 grams of ALA per day, while the obese SCW consumed below the recommendation (1.25±1.02, 1.04±0.57, respectively). The difference in obese SAAW and SCW intake of omega-3 may be due to lower intake of total calories by the obese SCW and the different composition of total calories. This indicates that food selection, preference and possibly cooking/food preparation methods may contribute to the distribution of nutrients and caloric intakes by race and region.
Discussion
The method of food preparation also has an impact on the nutritional content of the food when consumed. Consuming fried-fish decreases the nutritional content and can add omega-6 fatty acids and trans fats to the food item, which decreases its nutritional value. By providing nutrition education to individuals living in this region, they may be able to decrease their dietary intake of these identified unhealthy fats by modifying their cooking techniques.
Similar to the current study, Lovejoy et al. [23] observed SAAW's dietary intakes of PUFAs to be higher than that of SCW. The SAAW consumed significantly more arachidonic acid, an n-6 PUFA, and EPA than the SCW. The predominant sources of arachidonic acid were chicken, turkey, and eggs. Also similar to the current study, the subject's EPA dietary intakes were mainly from fish; specifically, trout, salmon, and catfish. As demonstrated by Lovejoy et al. and the current study, location is a key factor in determining individuals' dietary preferences and to varying dietary patterns. While fish consumption tends to be increased along the coastal regions, it is much less in other areas across the country, specifically in land-locked regions.
It is important to acknowledge certain limitations of this study. We did not measure food preparation methods which are known to influence the biological value of omega fatty acids available from the diet. For future studies, it would be beneficial for individuals to specify preparation methods of pertinent omega-3 PUFA-rich foods. With this information, it could be determined whether the individuals are truly obtaining the complete omega-3 PUFA health benefits. Secondly, since the omega-6 fatty acid consumptions were calculated using the omega-3 SFFQ, which was designed using identified omega-3 containing foods, the omega-6:omega-3 ratio was not calculated as it would under-report omega-6 consumption. We did analyze omega-6 intake from the foods reported on the omega-3 SFFQ, and there were no significant differences in omega-6 between SAAW and SCW (Table 3) . These omega-6 fatty acid data; however, are most likely an underrepresentation of total omega-6 consumption because the questionnaire was not designed for that purpose. Therefore, future studies should also investigate potential differences in regional consumption of omega-6 PUFA to determine if this is an important variable influencing the incidence and severity of obesity and related metabolic disease in regions of the United States similar to the one reported in the present study.
Conclusion
In conclusion, the purpose of the present study was to compare omega-3 PUFA consumption between SAAW and SCW in a rural, coastal region of the United States that is particularly high in incidence of obesity and Type-2 Diabetes. The major impact of this research study was that while it is perceived in the literature that SAAW consume less omega-3 PUFAs that contributes to higher incidence of Obesity and Type 2 Diabetes, this may not be the case when examining particular regions in the United States. This
